INTRODUCTION
Intervention-generated inequalities have been described as unintended variations in outcome that result from the way that health interventions are organised and delivered. 1 Although overall health may improve as the result of an intervention, differences in access to the intervention, differential uptake, delays in time to uptake and differential compliance with, or effectiveness of, an intervention may result in inequalities in outcome. 1 2 There may also be inequalities in timeliness of the offer of the intervention and to whom it is offered.
Lung cancer is the most common incident cancer, worldwide. In the USA and the UK, it is the second most incident cancer, 3 4 as well as the most common cause of cancer mortality. 4 5 In the UK, the 5-year lung cancer survival rate is less than 10%. 5 6 There are socioeconomic inequalities in lung cancer survival, 7 8 and it has been estimated that over 1300 deaths could be avoided annually in England and Wales if the survival rate in the more deprived socioeconomic groups were similar to that of the most affluent. 8 Socioeconomic inequalities in receipt of treatment for lung cancer have been demonstrated in a systematic review and meta-analysis 9 and in previous analyses of the dataset used here. 10 It has been suggested that socioeconomic inequalities in receipt of treatment may at least partially contribute to socioeconomic inequalities in cancer survival, 11 although there is little definitive evidence to support this.
In England, there are target waiting times for the referral (14 days from general practitioner (GP) referral to first hospital appointment (FHA)) and treatment intervals (31 days from diagnosis, 62 days from GP referral). Socioeconomic inequalities in the time intervals from referral to FHA, diagnosis and treatment were found in our previous lung cancer analyses, but no linear pattern by socioeconomic position (SEP) emerged. Those in the middle SEP groups were least likely to receive timely referral and treatment ( What is the bottom line?
▸ Socioeconomic inequalities in survival from lung cancer were statistically explained by socioeconomic inequalities in receipt of treatment, but not by timeliness of treatment.
Why read on?
▸ Although current clinical guidelines focus on target times for referral and treatment, our results suggest that a clinical focus on ensuring equity of treatment for lung cancer is likely to reduce socioeconomic inequalities in survival, and improve overall survival. 2014). Although there is some speculation that inequalities in delay might contribute to socioeconomic differences in cancer survival, 12 again, it is not known what role socioeconomic inequalities in referral, diagnostic and treatment intervals may play in survival inequalities. Cancer registry, Hospital Episode Statistics (HES) and lung cancer audit (LUCADA) datasets were linked in order to investigate the factors that may influence socioeconomic inequalities in survival for lung cancer, specifically examining the influence of receipt of treatment, and timely GP referral and treatment, taking into account age, sex, histology, year of diagnosis, comorbidity, stage and performance status.
METHODS

Data sources and linkage
We analysed a linked dataset reported previously (Forrest et al, unpublished data, 2014) . 10 Over the time that these data were collected, the Northern and Yorkshire Cancer Registry and Information Centre (NYCRIS) was one of eight English regional cancer registries that collect a common minimum cancer dataset of information. 13 Data on SEP, age, sex, histology, tumour, year of diagnosis, GP referral date, FHA date, diagnosis date, treatment dates, details of receipt of treatment (surgery, chemotherapy and radiotherapy) within 1 year of diagnosis, and survival time were obtained for patients with lung cancer.
Comorbidity may be a factor influencing whether treatment is offered 14 and may also influence survival. Details of comorbidity are not collected by UK cancer registries. However, data that can be used to calculate a comorbidity score can be obtained from HES.
As stage data is incomplete in UK cancer registry datasets we used stage data contained in the Lung Cancer Audit (LUCADA), a non-mandatory register of clinical information on patients diagnosed with lung cancer in the UK. The audit initially included only a subset of registry patients (66% nationally in 2006, increasing to 93% in 2010). 15 Records were allocated a unique, randomly generated key number, derived from the NHS number by NYCRIS. Data from the three data sources (cancer registry, HES and LUCADA) were anonymised and supplied by NYCRIS. The HES and LUCADA data were then linked to the registry data using this key number.
Variables of interest
The Index of Multiple Deprivation (IMD) is an area-based, composite measure of SEP. Postcodes of residences are used to assign individuals to small administrative areas known as lowerlevel super output areas (LSOA) containing an average of 1500 individuals. Areas are ranked from least deprived to most deprived, on seven different dimensions of deprivation including: income employment, health and disability, education, crime; barriers to housing and services, and living environment. 16 SEP was assigned according to the agreed methodology for all English cancer registries, as the rank of the income domain of IMD, grouped into quintiles, based on the England-wide distribution of this variable, where Q5 is the most deprived and Q1 the least deprived. The income domain of IMD2010 was used for patients diagnosed between 2007 and 2009. For those diagnosed in 2006, the income domain of IMD2007 was used.
Age at diagnosis was categorised into four groups: age <60, 60-69, 70-79 and 80+ years.
Histology was classified as non-small cell lung cancer (NSCLC), including adenocarcinoma, large cell carcinoma, squamous cell carcinoma and non-small cell carcinoma (not otherwise specified) subtypes; small cell lung cancer (SCLC); and other histology (including unspecified carcinoma, neoplasm, other specified carcinomas and carcinoid tumours).
Since 2000, urgent referrals for suspected cancer in England and Wales have been required to have a FHA within 14 days of the date of referral (referral interval) and, since 2005, a target interval of first treatment within 31 days from decision to treat/ diagnosis (treatment interval) has been in place. 17 Time from GP referral date to FHA was categorised as ≤14 days (within target), >14 days, or no referral interval recorded (either no GP referral date or no FHA date recorded). Time from diagnosis to first treatment was categorised as: ≤31 days (within target), >31 days (32-62 days, >62 days), or no treatment received. Diagnosis date was determined by cancer registry personnel as the first time the tumour was identified either by imaging or histology in the case notes.
A weighted comorbidity score was calculated by NYCRIS using a validated instrument, the Charlson Comorbidity Index (CCI), 18 using the number of inpatient HES admissions for 17 specified conditions (other than lung cancer) in the 3-18 months prior to diagnosis. HES-linked comorbidity data were unavailable for patients diagnosed in 2009 as, due to national problems in calculating the comorbidity score, there was a time lag in data availability. Comorbidity score was categorised as 0, 1-2, 3+, missing, or unavailable.
Performance status (PS) and stage data were obtained from LUCADA. Stage was assigned using the TNM staging system 19 and categorised as I, II, III, IV, or missing. PS is a measure of general well-being for cancer patients, as assessed by the Multi-Disciplinary Team, on a scale of 0 (asymptomatic) to 4 (bedridden) using the Eastern Co-operative Group performance status scale, 20 and categorised as 0, 1-2, 3-4, or missing.
Survival was flagged as yes or no at 2 years after diagnosis. Two-year survival was chosen to allow a minimum of 1 year follow-up after treatment for patients who had treatment within 1 year of diagnosis.
Data analysis
Full details regarding the methods employed in examining inequalities in receipt of treatment 10 and inequalities in referral and treatment intervals (Forrest et al, unpublished data, 2014) using logistic regression have been previously reported. Here, univariable and multivariable logistic regression were used to examine the likelihood of being alive 2 years after diagnosis, by SEP, in the full cohort (22 967 ) and in the subset with stage recorded (5233). As the aim was to develop an explanatory model for socioeconomic inequalities in survival, the variable selection procedure was based on an underlying conceptual framework rather than on formal stepwise methods. 21 Variables known a priori to be important confounders were included first. Other variables that had not previously been well studied, but were thought likely to be important, were then included, and their influence on socioeconomic inequalities in survival examined. The amount of outcome variance explained by each variable was also considered. A number of models were produced, varying the order in which variables were added, to determine whether it was a particular variable, and not the order in which it was added, that was important.
A likelihood ratio test was performed to determine the overall significance of each categorical variable. The R 2 statistic was examined as a measure of 'model fit', to determine the amount of variance in two-year survival explained by each model. Analysis was carried out in Stata V.12.0.
RESULTS
Descriptive analysis
Data for 23 497 patients with a primary diagnosis of lung cancer (ICD10 C33 and C34), diagnosed between 1 Jan 2006 and 31 December 2009, were obtained from NYCRIS. Of these, 530 had tumour registration based on death certification only (DCO), and so were excluded from analyses, leaving an eligible cohort of 22 967. Of the 22 967 patients examined, 5233 (23%) had stage, and 6127 (27%) had a PS score recorded in LUCADA, and 7488 (33%) had a comorbidity score recorded in HES.
The demographic and clinical characteristics of the lung cancer patients included in the study have been reported previously. 10 In the full cohort, 15.3% of patients (3513) were still alive 2 years after diagnosis (table 1). In the unadjusted analysis, those in the most deprived group were significantly less likely to still be alive after 2 years, than those in the least deprived group (OR=0.79, 95% CI 0.70 to 0.89) (table 1). Likelihood of two-year survival was also better for younger patients, women, those diagnosed with NSCLC, those with no comorbidity, those with early stage cancer, those with good PS, those referred by their GP and those receiving any treatment. Patients treated within the 14-day referral target had reduced likelihood of two-year survival (OR=0.76, 95% CI 0.69 to 0.84) compared to those who received later referral, as did those who were treated within 31 days of diagnosis (OR=0.37, 95% CI 0.34 to 0.41) compared to those who were treated later (table 1) .
Multivariable analysis
In a multivariable analysis adjusted for age, sex, histology, year of diagnosis, timely GP referral and comorbidity, inequalities in survival by SEP were observed in the full cohort, with reduced likelihood of two-year survival in the lowest compared to the highest SEP group (OR=0.74, 95% CI 0.66 to 0.84) (table 2) . Model fit was poor (R 2 =5.77). Adding stage and PS improved model fit (R 2 =12.31) but did not substantially change the SEP OR (OR=0.77, 95% CI 0.66 to 0.88). However, if treatment type was included, the association no longer remained significant (OR=0.87, 95% CI 0.75 to 1.00). Receipt of treatment also made the greatest contribution to model fit (R 2 =27.97). Further, addition of timeliness of treatment did not alter the outcome (OR=0.87, 95% CI 0.75 to 1.00).
In the staged subset (n=5233), socioeconomic inequalities in survival were found in a multivariable analysis including age, sex, histology, year of diagnosis, comorbidity and timely GP referral, with those in the most deprived group having a significantly lower likelihood of two-year survival than those in the most affluent (OR=0.76, 95% CI 0.61 to 0.96), but with poor model fit (R 2 =3.72) (table 3) . However, the association was no longer significant when stage was added (OR=0.79, 95% CI 0.61 to 1.02), with a large increase in R 2 to 24.39. The addition of PS (OR=0.90, 95% CI 0.70 to 1.17) and treatment (OR=1.03, 95% CI 0.78 to 1.36) further attenuated the OR (table 3) . Stage and receipt of treatment made the greatest contribution in explaining survival variance, but PS and treatment had the greatest influence on likelihood of survival by SEP.
DISCUSSION
Principal findings
To our knowledge, this is the first study to examine referral and treatment intervals, as well as receipt of treatment, on lung cancer survival, using multiple dataset linkage (NYCRIS, HES and LUCADA). Socioeconomic inequalities in lung cancer survival were found when patient, tumour and system factors were included in the multivariable model, but not with the addition of receipt of treatment. Socioeconomic inequalities in receipt of treatment statistically explained socioeconomic inequalities in lung cancer survival. Time to treatment had no significant effect on socioeconomic inequalities in survival. However, those who received treatment within the 31-day target, and those who received a hospital appointment within 14 days of referral, had poorer survival than those who had later referral or treatment, in the full cohort.
Strengths and weaknesses
The population-based approach is a strength of this study. Linking data from NYCRIS, with its excellent population coverage, to HES and LUCADA, allowed inclusion of variables that had previously not been well explored. However, we used local, north of England data only, which may limit the generalisability of the findings to other settings.
The validity of CCI score and PS as proxy measures of general wellbeing is unclear. 10 PS is a measure of patients' functional status. Although it has been shown to have good prognostic predictive validity, 22 only moderate agreement in allocating PS score was found in an interobserver reliability study. However, there was good agreement when allocating patients to good (PS 0-2) compared to poor PS (PS 3-4), 23 and we used similar groupings.
The CCI is a validated instrument for measuring comorbidity 18 but, in deriving it, we used only details of conditions recorded during episodes of in-patient care. Patients who are never admitted to hospital or who suffer from relevant conditions which were not recorded during such an admission will have a score of O, thus resulting in potential underestimation of total comorbidity. 10 It is also a crude measure, as patients with relatively mild and severe forms of a comorbid disease receive the same score.
High levels of missing data for CCI score, PS and stage were a limitation. Stage was recorded for 12% of patients in 2006 and data completeness improved over time. However, by 2009, stage was still only recorded for 36% of participants. Multiple imputation was considered but is not recommended where over 50% of values for a variable are missing. 24 An alternative way to address the problem of missing data is to analyse only complete cases, although results from complete-case analyses can be biased. 25 We looked at the subset of patients who had stage recorded (as an analysis of complete-case stage patients, the majority of whom also had PS recorded) and also analysed the full cohort and included 'missing' categories for stage, PS and CCI.
Survival time in days from date of diagnosis was not available from the registry dataset as this variable could be used to calculate date of death, which is considered a potentially identifiable data item. Survival time in weeks was used which was accurate to within 4 days of death. Thus, there is a low level of error but not bias in the accuracy of survival time.
We investigated a wide range of factors that may be important in the relationship between SEP and survival. We were unable to examine smoking status or geographical distance to treatment centre 26 as these variables are not recorded in UK cancer registry datasets. There may be residual confounding from these and other factors.
Interpretation of results and comparison with other studies
Inequalities in receipt of treatment (surgery and chemotherapy but not radiotherapy) were previously found in this dataset 10 and these treatment inequalities appear to substantially explain inequalities in lung cancer survival. A similar finding was shown in a small study of 695 patients that did not include comorbidity or PS in the multivariable analysis. 27 Number of comorbidities and PS vary by SEP 28 and might help explain socioeconomic inequalities in receipt of treatment and survival. However, we were able to adjust for comorbidity and PS in a multivariable analysis, and survival inequalities were still observed. It was only on addition of receipt of treatment that the association no longer remained significant. In the subset with stage recorded, PS also substantially accounted for socioeconomic inequalities in survival. Patients were more likely to be younger and had higher rates of treatment in the staged subset, compared to the full cohort. 10 Lung cancer survival is lower in the UK than in other European countries with similar healthcare systems which, it has been suggested, may be due to differences in management and access to treatment 29 and to longer diagnostic delay. 30 However, two literature reviews found the evidence of an association between timely care and survival for lung cancer inconclusive. 31 32 Contradictory results were found in the studies examined, but the quality of the studies included was mixed. 32 Lack of control for important confounding factors, such as age, stage, histology and comorbidity may account for why those with more timely care appear to have poorer survival in previous studies. The waiting time paradox suggests that sicker people are referred and treated more quickly but have shorter survival. 33 Adequately controlling for stage, comorbidity and PS should eliminate this 'sicker quicker' effect. In a small study of colorectal cancer patients, shorter diagnostic interval was associated with higher mortality for those who appeared more ill, but not for those presenting with 'vague' symptoms. 33 In our study, we found that those who had a FHA within 14 days of GP referral had poorer survival than those who waited longer to be seen in secondary care in the full cohort, but not in the staged subset. Patients who had a shorter diagnostic to treatment interval had a lower likelihood of survival 2 years after diagnosis, compared to those with later treatment, and this association remained after age, stage, histology, comorbidity and PS were taken into account in the multivariable analysis. It may be that uncontrolled confounding remains, or that the measures of 'sickness' used-PS and comorbidity-have poor validity.
Implications for policy and practice, and further research
Socioeconomic inequalities in receipt of treatment appear to substantially account for socioeconomic inequalities in lung cancer survival. However, clinical guidelines focus on target times for referral and treatment rather than receipt of treatment. A clinical focus on ensuring that those who are eligible for treatment receive it, rather than on time-interval targets, might have a greater impact on improving survival, as well as reducing inequalities in survival.
As patients who were treated within the guideline targets had poorer survival than those who had later treatment, the effectiveness of the guidelines in improving survival appears unclear. A time-series analysis examining lung cancer survival preguideline and postguideline implementation could be used to investigate this.
Patients with early stage lung cancer are likely to be the patients for whom application of the guidelines, resulting in earlier referral and treatment, might improve survival. Further research on this group of patients is required to help determine whether delays in referral and treatment lead to poorer lung cancer survival, without the confounding effect of the waiting time paradox. Further research is also required to determine whether this interval effect on survival is also seen in other cancers.
Further examination of the patient, tumour and system factors that determine receipt and timeliness of treatment is warranted to determine why those who have later treatment have better survival, and to develop interventions to reduce inequalities in treatment and improve cancer survival.
CONCLUSIONS
Socioeconomic inequalities in lung cancer survival appear to be statistically explained by inequalities in receipt of treatment but not by inequalities in time from GP referral to FHA, or from diagnosis to treatment. However, patients who were treated within the time-to-treatment guideline targets had poorer survival compared to those who had later treatment.
Interventions that address socioeconomic inequalities in receipt of treatment may help to reduce socioeconomic inequalities in survival and improve survival rates overall.
